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Coastal ocean plays a considerable role in globle carbon cycle, however, the 
uncertainty of the carbon budget in this area is significant because of its distinct 
temporal/spatial variability. Such varibiality and its controls is essential to better 
understand the carbon dynamics in coastal ocean. Unfortunately, short-term time 
series studies on diurnal and weekly timescales are still limited, and quantitative 
analysis of the biogeochemical dynamics modulated by multiple processesses is 
particularly lacking. 
In the summer of 2008, two high frequency time series observations were conducted 
in this study to examine the short-term variability of the carbonate system in two low 
latitudinal coastal shallow water systems, namely “Aodi” and “OLB” located at 
northeast and southTaiwan. We monitored the variations of DIC (Dissolved Inorganic 
Carbon), TA (Total Alkalinity), pCO2 (partial pressure of CO2) and DO (Dissolved 
Oxygen) and other related parameters. Both sites were little influenced by terrestrial 
river input, and were characterized by high benthic productivity and strong tidal 
mixing. Note that Site “OLB” was also affected by upwelled waters from the near 
shore subsurface. Our observation at the two sites with contrasting hydrographic 
conditions therefore provided an opportunity to examine the short-term carbonate 
dynamics being influenced by a combination of hydrological and biogeochemical 
processes: biological production, tidal mixing and upwelled near shore subsurface 
cold water. A physical-biogeochemical model constructed by this study well 
reproduced the short-term dynamics of DIC and pCO2, also distinguish and assess the 
relative importance and contributions of different processes to the observed 
variations.
The diurnal dynamics of the carbonate system was significant and the amplitude of 
the diurnal variation was higher in neap tide than spring tide at both sites. The diel 
variation of pCO2 was as high as 126(spring tide)-423(neap tide) atm, and the value 















parameters all showed a synchronous diurnal variation. pCO2 and DIC dropped during 
the day time and increased during the night, while DO and pH varied in an opposite 
trend. The daily highest and lowest pCO2 values were observed at ~3:00 and 15:00 
respectively, which was nearly coincident in time with the turning point from ebb to 
flood tide during two semidiurnal tidal cycles. Due to the influence of the upwelled 
subsurface water, the daily-averaged DIC, TA and pCO2 of “OLB” were higher than 
“Aodi”, and a decreasing trend from spring tide to neap tide was observed at “OLB”. 
Both sites were sources to atmospheric CO2 during spring tide and then became 
atomopheric equilibrium or CO2 sinks in neap tide. 
The contribution of air-sea exchange to the variations of carbonate system was 
neglectable because it only caused a diurnal variation of 0.6 mol/kg in terms of DIC 
or 1.2 atm in term of pCO2. Temperature effect on carbonate variaitons was also 
limited. The short-term carbonate dynamic was mainly dominated by the biological 
processes with significant modulation by physical mixing. 
The biological effect was the essential driving force to shape the diurnal trend of the 
short-term biogeochemical variability, and the autotrophic metabolic processes were 
dominated by the organic production of the high density benthic community at both 
sites. In situ incubation experiment further revealed that the photosynthesis/ 
respiration rates of phytoplankton in the water column were merely 0.70/-0.26 mol 
DO kg-1*h-1, which suggested that the biological production was dominated by the 
benthic community rather than phytoplankton. Correlations among system parameters 
and model result suggested that the organic respiration/photosynthesis was much 
more important than the inorganic calcification. (the percentage of organic production 
to the total community production %Corg was as high as 81.4 and 69.4; and the ratio of 
organic production to inorganic production Roi was 19 and 6 respectively for “Aodi” 
and “OLB”; and the model result further showed that the change of DIC induced by 
organic photothesis/respiration was higher than the calcification effect). 
Tidal mixing appeared to cancel off the accumulation of on site biological signal and 
bring down the amplitude of diurnal variations. Intrusion of the upwelled subsurface 
















decreasing intensity of tidal mixing from spring tide to neap tide resulted in the 
increasing diurnal variability of the carbonate system, and the intensified upwelled 
subsurface water result in the higher DIC, TA and pCO2 at “OLB” in spring tide. We 
suspect that the release of CO2 in spring tide was due to the influence of the high 
pCO2 water from the aquaculture farm near “Aodi” and the upwelled subsurface water 
at “OLB”.  
Our observed significant short-term variability at the study sites may have 
implications in carbon flux estimation in coastal regimes with dynamic short term 
variability. The results again reinforce the need for higher resolution measurements in 
coastal ecosystems, and integrating variations of different temporal/spatial scales will 
improve our understanding to the coastal carbon fluxes and biogeochemistry. Through 
this case study, combination of observation and modeling is proved to be a valid 
approach to inverstigate the complicate dynamic process modulated by multiple 
controlling factors.  
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